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ring the 2ast 13 years, manzgement has bess
fzced w' ] "'“;:'ezaseé cm;ﬁ@y&@ dempnds
flexibie work schedules, Emcéaé‘éag interes? in
“sompressed” work schedueles. A “compressed
chedule refers 10 sny work week whers
emzliovess are aliowed .0 c@maﬁeﬁﬁ heleworkind
o fewsr days. Numercus questions heve been raised
somcerning the possivic effects of compressed
schadules on predustivity, job efiiciency and fatigue,
and associated concerns with safety assa:? feaih

Empirice] research on the impsact of compressed
work schadules has focysed more ciosely on employ-
ges” subjective reports concerning fatigue, aleriness,
mood, job satisfaction and confiicts with family
activities, and leisure fime. Outcomes have indi-
cated: {a) increases in organizational sffectiveness
{Hartman & Weaver, 1877; Wheeler, 1876}, as well
2s no increases {Calvasina & Boxx, 1975); (&)
increased satisfaction brought ebout by more leisure
time {(Hodge & Teilier, 1975; Steele & Poor, 1970)
but greater fatigue, conflict with evening activities,
and condlict between the work schedule and family
and child-related activities (Hodge & Tellier, 1975;
Kenny, 1974); {c) a full range of positive, nega-
tive, and neutral affective responses {¢f. Dunham,
Pierce, & Castaneda, 1987); and {d) both greater
fatigue (e.g., Goodale & Aagaard, 1974; Hodpe &
Tellier, 1975) and no differences in fatieue (Latack
& Foster, 1985).

Changes in performance and aiertness associated
with compressed work schedules have, until recently,
received less attention. Cf the performance-based
studies, nearly all invoive comparisons of 8-h and
12-h shift schedules. In an early exception, Volle, ¢t
al. (1979), reported that factory employees on the
10-h versus 8-h schedule did not differ significantiy
on reaction time but did display decreased grip
strength and higher critical flicker fusion (CFF)
thresholds. However, the authors concluded that the
increase in fatigue remained within acceptable lim-
its and that there was no evidence that these changes

4
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affected overail seoductivity o e menslesnring
plamt. Pescoek, ez el (1983} on the other beand, found
iz o study of police officers, Improves susiesiive
gleringss, siesp, ané M“’*ﬁ’cv" ey fitmess C1Z-n
veraus S-hk \sc stgnifizamt differences waTe noiad
cn CFF threskolds or grommatics! regsoning less.
Mills, Arnold & ?J@@é 1883), while not “?E&“’_i“z@ )
direst wz*:apg. isom with nurses on 2n &-h schedule,

aoed tha e@;ﬁem‘;s ona 12-h shif} schedule evi-

a.nge@ significan? increzses in subjective fztigue
and grammetical ressoning ervors from start to
completion of the workdsy. However, 2 majority
of the incrsase in errors cocurred between the ist
and 6tk hours of the workday. The nurses did per-
form more rapidly on the gremwmalics: reasoning
test across the workday and expressed high levels
of satisfaction with the 12-h schedule. Daniel &
Pstasova {1989} aleo reported some differsnces be-
tween 12-k and 8-k personnel on severzl cognitive
and psychomotor tasks; however, these findings
may have been infleenced by differences in initial

erformance capebilities between the 2 groups.
Lewis & Swaim {1988}, utiiizing 2 number of mea-
sures of employee performance and fatigue, com-
pared the effects of 8-h and 12-h shift schedules at
an cxperimental nuciear reactor. While the resulis
were mixed, with some indications of greater fo-
tigue on the 12-h schedule, direct on-the-job per-
formance measures favored the 12-h shift. A vast
majority of the employees favored the 12-h sched.

ule and the authors concluded that the 12-h shift

schedule was a “reascmable alternative to an 8-k
schedule (p. 513).”

The computerized National Institute of Gecupational
Safety and Health (NTOSH) Fatigue Test Battery
was developed to guantify changes in severa! indi-
ces of cognitive, sensory, and perceptual-motor per-

formancesand seif-reported subjective feelings -

associated with shift work. As part of that develop-
ment, Rosa, et al. (1983) assessed differences in the

test performance of subjects working 6 8-hdaysor 4
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thet changes in performance on the dats entry tash
assoviated with the workdey snd work week cozve-
ssonded closely with subjective ratings and perfor-
mEnct ok & number of the tasks comprising the tase
batterv. Rosa & Colligan (1948) concluded that the
WIOSH Fetigus Test Battery is sensitive 0 long
hours of work snd to the inflvemce of cireadizn
rhythms ca performancs. In field swdies, Rosa,
Colligen & Lewis (1959} and Rosz & Boanet {1523)
found evidence of sigmificent differences in seff-
reporiad sisep time and fitigee, os well gs performance
on some aspects of the test battery, when sompar-
ing smployees who were working 8-k ané 12-h shift
schedules at gas utilities and coatinuowus process-
ing planis. Thus, the findings of Rosa and his col-
leagues confivm thst employees working 8 12-h
compressed work schednle experience grester fa-
tigue and exhibit lower performance capabilities on
some jest measures 85 compared o those on mose
traditional §-h schedules. In & 3 to § year foliow-
up, Rosa (1991) found that the sleep loss and per-
formance declines were still present in employees
on the 12-% skift schedule. However, emplovees
still expressed generally high levels of satisfaction
concerning the 12-h shifts and there was no op-
erational evidence that safety was compromised by
the assceiated fatigue. The lack of any demonstrabie
change in the operational performance measures ragy
be due to the fact that the performance measures are
not sufficiently rigorous to detect the effects of fa-
tigue or that the performance requirements in the
operational environment do not require as quick per-
formance as is measured in the various NIOSH fa-
tigue tests.

The FAA has approved the use of ccmpressed and
flexibie work schedules for its employees, including
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above-mentioned stedies, s study wes ltinizd wo
semeare the effects of the existing 2-2-1 §-b shilt
schedule with that of the 4-day 10-k schedule on
measures of employes sogaitive parformente and

sefi-reporied siees and mood.
GRETROOD

Mossnremen®s

NIOSE Fsoigre Fes? Battery. This fexibie,
computerized test battery was developad by Ross,
et al. {1985} and Rosa & Ccliigan {1988) specifi-
cally for applications in field experimentation with
employees working on different shift schedules, Us-
€rs can seiect from & group of tests that agsess cogpi-
tive, perceptual-moior, and motor skifis. Additional
sests and self-report measures of zlertness, fatigue,
ang¢ the guality and durstion of sleep can be incor-
porated into the battery, with limited program-
ming requirements. Flexibility is alsc provided
by the shility to tailor the test length to the research
requiresnents and available time. The investigator is
thus able to construct 2 test battery that is highly
responsive to the job demands and requirements of
the work setting, The choice reaction time, mental
arithmetic, and grammatical reesoning tests were
selected for inclusion in this study both on the
basis of their demonstrated sensitivity to elter-
ations in alertness and association with the job tasks
of an ATCS. The relevance of these wsks to the
ATC occupation is further supported by recent find-
ings of Broach and Aui (1993), who used interviews
of ATCSs and subsequent ratings on the Position
Analysis Questiounaire to identify attridutes of
abilities or aptitudes required of ATCSs. Of greater
relevance were perceptual speed, closure, reaction
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bution switch lobeled *TRUE® er *FALSE " on s soe-
cistiy developed responee box as quickly as pessivle
to indisne the corcect word. The ATCS's forefingsr
and middie Snger of his/her preferred hond rested on
che buiions during the wwiel. For tis study, scores for
ske CRT sk incinded the mesn zepciion time and
aumber of ervers (i.e., incormest responses).

The menta! arithmetic test is an sdepiation of the
test developed by Wiilllams & Lubia (1988). Atthe
beginning of the task, a readomiy celected constant
Setween the values of 3 Swough 9 was presented for
3.3 snd then removed for the remainder of the sk,
ATCSs were mequired 10 add the constant to the sum
of 2 single digits and then type the last digit of the
overall sum on the keyboard. The digits varied across
trin’s amd were generated immediately afer an ATCS s
sesponse. Scoves for the tagk inchuded the mumbser cor-
sect and murmnber of esrors during the 3-ma time period.

The grammaticai reasoning task is & variation of
the well-known task first devised by Baddeley
{1968}, Inthis 16-trial task, 2 3-letter stimulus string
{e.g., JLN) was presented for 2-5, removed, and then
followed after 3-s with a conditional statement such
as “J DOES ROT PRECEDE N.” The ATCS was
required to press a pusi-button switch labeled “TRUE”
or “FALSE” ss quickty 8s possibie to indicate whether
the statement described the letter string. Scores for
the GR task inciuded average respoase latzncy for
correct responses and total number of errors.

Atthe beginning of each testing session, subjects
responded to 10 choice reaction time trials and 60-
s of digit addition. These mini-sessions served the
dual purpose of providing 2 “warm-up” and resoiv-
ing any potential software or hardware probiems
before commencing the fall battery.

Daily sieep, somatic comiplaings, and izood. The
test battery was programmed to inciude items about
amount of sieep, ratings of quality of sleep, mood,
and somatic compisints. Subjects were asked to indi-
cate their ime of retiring, arising, sleep latency, and
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A oral of 38 ATCSs (mmeen age = 57,9 years) om
gz, g2 rovte ok taffic contrs] cenfer initially voiun-
tzered 2o particizaie i the study. Prior to the initie-
tion of the smdy, each ATCS was provided ¢
Gescription of the proposed stiudy end asked tosigne
consent form converning the research project. A nu-
ererical code was assigned 1o cech subject for the test
sessions to ensurs ancnymity. OF this geoup of 56, 26
ATCSs working the 8-h 2-2-1 schedulc ané 26 on the
18-k 4-day scherdule compisted a sufficient number
of sessicns {10 oz more) 1o be incivded in the study.

Work Schedales

The 2-h and 18-k rotating shift scheduies are illus-
trated in Figure §. Under the 8-h rapisly rofating, phese
aévancing schedule, ATCSs worked 2 consscutive
afternoous, 2 mornings, and then returned on 2 guick
tusparound to WOIK an evening shift. This schedule
has been in use in ATC Gacilities for many years, and
sconsiderable body of rzsearch in the 1970s was dedi-
cated to evaiusting the 2-2-1 3-h schedule versus a
straight 5-day &-h rofating shift schedule (Beiton, et
al,, 1971; 1973; 1975; and Saldiver, Hoffman, &
Melton, 1977). Cn the 2-2-1 schedule, there are 2
nights when the time between the end of one shift and
the beginning of another is sufficiently short to re-
duce the amount of avaitable sleep time. The average
number of hours between the end of the workday on
day 1 and the start of the workday on day 2, and be-
tween day 3 and 4 was approximately 15; the average
was approximately 9.3 hours between day 2 and 3,
and 8.1 hours between day 4 and 5. ATCSs on the
10-h schedule aiso had varisble starting times across
the 4 days; working 2 sfterncons followed by 2
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Figurs 1. A graphic representation of & work week on the 2-2-1 8-h and 4-day 10-h shifi
schedules. The weeks shown begin on Monday; however, an ATCS's work week may start on
any day and the week end will come on days other than Satueday and Sunday.

mornings. On the 10-h schedule, the average rum-
ber of hours between the end of a workday and the
start of the next was: 12.2 between day [ and 2; 11.1
between day 2 and 3; and i1.2 between day 3 and 4.

Test Schodule

The NIOSH Fatigoe Test Battery was admin-
istered on 3 occasions during the course of each
workday. The initisl session was conducted at
the time the ATCS arrived st the facility. Ses-
sion 2 was completed 2 hours perior to the end of

the workday (at the vud of 6-h for the 8-h par-
ticipants and 8-h for the 10-h participanis). The
third and final session was administered at the
close of the workday. To the extent possible, the
test sessions for each ATCS were administered
at the same time across each of the 3 weeks.
Some disruption in the test schedule ocourred for
1 of the groups of 2-2-1 §-k and 10-b subjects as
a result of a smow storm, which restricted travel
to and from the ATC en route facility for several days.
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Fiowre 2. Approximate test times for cach of ta
performance data gathereg éiﬁ.mg cach of those sessions.
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Frossdare

Seven microcomputers for cdministering the
NEOSH fatigue test battery were located in & sepa-
rete room within the en route center. The ¢omput-
ers comsined il of the instructions for compleiing
each test session, along with the performance (ests
ané rating scales. All response data were aiso stored
oo the computer. Following introduction to the com-
puters and the tes batlery, test sessions were self-
administerad. An experimenter was available
throughout the testing period to respond to ques-
tions and to intervene if 2 problem occurred with
the computer. Figure 2 provides an overview of the
test times and test elements included durizg each
of the 3 sessions during a2 workday.

Tegt Battery Dats Analysis

Data exciusions. Data from overtime days {oniy
5 or 6 days total), and dubious performance ses-
sions were excluded from statistical analyses.
Choice reacticn time scores were exciuded if more
than 50 errors occurred. Digit addition scores were
exciuded if more than 45 errors occurred. Gram-
matical reasoning scores were excluded if more than
T ervors (i.e., 50% or more errors) ocourred. These
exclusion criteria are consistent with procedures
used in previous studies associated with the NIOSH
Fatigue Test Battery.

There were only 12 problematic scores for the
choiece reaction tims measure. For digit addition
errors, from 8-14% of the respoases were excluded.
There was no evidence that the problematic responsss
for those mezsures were systematically related f0
time of day or day of the week. A slightly higher
proportion of the grammaticsl ressoning scores wers
excluded on the basie of & high aumber of errors (D-
18%) or unusually fast response times {4 - 21%:). For
the latter measure, there was a significant interac-
tion bztween day and session, based on an ANCVA
calculated only on scorss from the 8-hour group
(F(2,192) = 2.78, p<.01}. The higher percentage of
problematic scores on the grammatical reasoning
test is consistent with other outcomes. In general,
the ATCSs who participated in this study performed
more accuraiely on the computer-based tasks thaa
did other work groups (clerical/effice persennet,
contrel room operaters, and gas control workers,
Rosa and Colligan, 1988; Rosz and Bonnet, 1993;
anG Rosa, Colligan, ard Lewis, 1989).

Data transjormations. The procedures for
transforming the data were consistent with those
used n previous studies and are based on the rec-
ommendations of Myers (1279). Several of the
dependent variables in the tesi battery were trans-
formed to approximats a porma! distribution. Gram-
matical reasoning response time and chkoice reaction

£

()
i)
[y
(oW

Ty

TTOITAGEL I W s/

m




L T R T~ nemagenrogr v mee o A
——il i FINTE St e e

B s
ar’ rREn e et a i memaE me Rgnn, e et
A .',? 34.\» B S S WU AP A T

Sy e Wenar

o
T SR e S B spesamygmm eramms mane | Tl T,
Ll il \.,..\..,h‘l._..'..../.m BUEATE WIEDD Ll GG 2«4 JEECAE

. Fal e
LN B R e i gy, e m r-«o-gp--wng PR NPN. e 23
. Tt SO f_WVS.v, TSN ‘\...7 23 RURUIELS O WUEWT Shnae

oo S 0%,

Tz 3Tieets of enift
; H ter, 2
135t Zessione wikin work @3«'?5’85

oo were tesied for stofisticnl slg-
z::’ emge Witk eﬁaa‘ysés F variones (ANCYAY Fer
these 3 ”&::;ﬁgg AN ar:z%&"is ang, day § of the 3-
gai :@3@% (might siaaﬁs e%s :hé% from the
ANCY As. Besause of @ae ceil fFregusnsies,
feagt-coucres regression solmtions o the ANOVYAs
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els Prosedure. Iz addition, supplemesntary fe-
a‘a&eu&ue@swﬁs ANDVAs were pecformed within
schedule {ie., exoluding any deta fom the
a%ﬁaez shift schedule) testing the offscts of werk-
days, sessions, and their interaction. These supple-
mentary ANCVAs eliminated between-group
variance 10 obiain 5 more powsrisl tezt of chenges
within o ohift schedule. Day 5 of the 8-h scheduls
was included in the within-seheduie ANOVAS for
that sehedule. An sliphs level of 3<8.85 was con-

sidered siatistically significant in ol snalyses.
RESULTS

NICGSH Foiione Test Battery

Table | tists significant effects from the hetween
shift ANOVAs along with a brief description of each
effect. Table 2 provides » listing of the ANOVAs
and 5 brief description of each effect for the within
shift compearisons. Of the various comparisons,
there were Bo instances where differences in NIGSH
test performance between ATCSs ok the 5-h and
10-h shifis were statistically significant. Performance
selated differences were generally due to effects as-
soeiated with day of the work week, sessions, and the
day-by-sessions interacticns.

Zffects of the work schedule on choice reaction
time {RT) performance (mean resction time and
ervors) are presenied in Figure 3. ATCSs on both
the 8-k and 10-h schedules exhibited a steady increass
in reaction times from the initial to final workday
during their respective work weeks, with the 10-h
group exhibiting slightly quicker overall average
reaction times. The slowest reaction time occurred
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$or the Bnal seadion w‘: ;35 ey wesconsiaienly
Tostar oo thot ofthe st or hw.:ri geusiom. Walis
e numbser of errass “@Mca’,@e it the sholfes re-

aotion thre task did mot lmorense coness fis work
week, the belwesr saifis comparisons y:a?dei siz-

aificont efzet for sessien g (e doyed Ey-sessier
imcerectien. The eversgs number of errors g50se-
2ily lmcrecsed frem the first o fimai session
within ¢ workdey. The increase was move pra~
rounced oo the ﬁa%m%s fourth, gad fifth days of
the work wesk.

Bibssolte 2 R schedeize on ATCS porfoomance
oz tre digit eddition task (mumber atismpied ond
eumber of errors) ave presented in Figues 4. Across
daye of the work week, there wss a general increase
in nember of problems sttempied. Howeaver, for the

& sehedule, the number attempied only increased
through dey 3. Cadays 4 and §, ATCSs oz e &b
scheduls compisted fewer probiems than on sither
of the 3 previous deys. Wails the batwmes
comparison revealed o es.@%ﬁ&md&yeﬁ&ﬂ f@?&e
sumbes of errors messure, sone of the subsequent
within shifi comparisons reached statistical signifi-
canes. The gverpge number of erross remsined
relatively stable across the firei 4 days of the work
week for both the 8-k and 10-k groups, the average
for the 8-k groep on day § was clegrly above thes of
any of the preceding days.

Performance on the gremmatical reasoaing gest
{response time and errors) is presented in Figure S,
The tignificant betweep shifi day effect is associ-
ated with the general declive in response time for
ATCSs in both groups from the first day throvgh
day 3 of the work week. On the fourth day, ATCSs
on the 10-h schedule exhibited response times that
were quicker than those op day 3, while ATCSs on
the 8-h shift kad slightly slower response times than
on day 3. On the fifth day (mid shift), the average
response times of ATCSs on the &k shift weee com-
parable to those poted on the second and fourth
days. ATCSs in both groups had guicker response
times during the final session than on the other 2
sessions of each day (with one exception).
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8H Session F(252) = B840 p=.C01

10-H Session F(2,54) =1462 p=.001
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&HMG-H  No Significant Findings
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Figure 3. Means and standard deviations for the choice reaction times and average number of
reaction time errors for each session of the day across the work week,
for ATCSs working the 2 shift schedules.
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Figure 4. Means and standard deviations for the number of digit addition prodlems attempted
and number of digit addition errors for each session of the day across the work week, for ATCSs
working the 2 shift schedules.
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Figure 5. Means and standard deviations for response times on the grammatical reasoning test
and average number of errors for each session of the day across the work week, for ATCSs
working the 2 shift schedules.
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Figure 6. Means and standard deviations for total sleep time (in hours) and ratings of feeling

"refreshed” following sleep for each day of the work week,

for ATCSs working the 2 shift schedules.
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: G, Tiae ANCOVA %or s siesp dinty 4o%
vielded e signiicont eflact forgay F (3,1534; =38, "’E‘?
o amg sl by dey F (3,134) = .83 g=4L.

Boi 'he Bk and 18- ATCSs exdibied ¢ geners!
geciing in total slesp tme Som en averegs oF 8.35-0
on the evering nrier to the Szt doy of the werk
wesk 1o epprovimately 5.75-h on the evening pricr

o the fourth doy of the work wesk, ATCSs on the
8-h shi® exhibited the lowest average number of hours
of slezp on the day prior to She mid ST 375 5.

Changes in subjective ratings of fesling z&ﬁesﬁﬂm
foliowing sleep cotresponded to the changes notad
in the amount of sleep. The ANDV A revealed a sig-
nificant effsct for day F ¢3,155) = 9.36 p=.001. Fesl
ing refreshed declined from an average rating (based
onzscaleof 103} of 3.28 (5-h)or 3.46 {10-) for
the evening prior to Tae first Jay of the work week
10 2.70 and 2.8% for the evening prior to the fourth
day. The lowest reting was thet of 2.50 for sleep
thet ccourred during the day for ATCSs on the 8-h
schedule prior to the mid-skift. Ever though rat-
ings for most of the other quality of sleep ques-
tions evidence & general decline from the first
through final day of the work weck, the overail dif.
fercnces were less prominent than those for “feci-
ing refreshed following sleep.”

Levels of positive and negative moods associ-
ated with work are presented in Figure 7. The be-
tween shift ANOVA for positive mood ratings
vielded a significant effect for day F (3,156)=4.33
p=.00¢€ and day by sessicn interaction F {6,310) =
10.02 p=.001. Positive ratings of mood remained
relatively stable across the first 3 days of the work
week for both groups. Ratings for ATCSs in the 8-
h group declined for both days 4 and 5. On the af-
ternoan shifts (days 1 and 2}, positive mood ratings
declined from start {0 close of the workday. For the
morning shifts, ratings for the final 2 sessions of
the workday were above those of the start of the
day. Positive ratings for the mid-shift declined from
start to close of the werkday.

As is evident in Figure 7, changes in ratings of
negative mood tend to mirror those noted for posi-
tive mood. Negative mood remained relatively
stable across the first 4 days of the work week, with
ATCSs on the 8-h mid-shift reporting the highest
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ﬁv&“v@a in tag miE-Ril, iete pralive mogd do
siimcd and negetive meod inersnsed.

ATCSs invelved in this sxudy reporied very fe
sematic sompliaiats, an aw@vagc, of lass they
gcm;sﬁa mis per individusd ¢
ro ovidence of any significes rea changes s the so-
matic complaints across either days of the work

week 67 $E5sions.

S-Eowr Yersus 18-Hour Comparizsons
Cur resulis sugzes: that ATC parsonnel working
e 10-h shift scheduie do not exhibi any evidenes of
lower performanse on the NEOSH teets seross work-
days or within werkdays then do ATCSs on an &k
mméng schedule. Regeréless of the tagk {reaction
time, dight addition, or grasematical reasoning), none
o%‘ &g Serwesn-group differences in performance was
statistically significant. This was true for both the re-
action time and ervor measures. Any differences in
test performance that wese present tended to favor the
19-h ATCEs. This cuteome is 2t contrast with the gen-
eral findings from investigations comcerning 12-h
workdays. In compering the 8-h and 12-h workdays,
Rosa & Bonnst {1993), Rosa, Collipan & Lewis
(1989), and Ros2 {1991 ) all reportad thet performance
on some tests from the NIOSH Fatigue Test Battery
was significantly poorer for those employed on 12-h
work schedules. However, stnédies invoiving the 12-h
shift schedule included complete coverage of the
24-h workday, while the ATCSs involved in this 10-h
study only covered the afternoon and morsing shifis.
At present ATCSs at this facility sre not assigned to
work 2 10-h mid-shifs.

Fatigue Test Baitery Sensitivity

Results clearly demonstrated the sensitivity of the
tests selected from the NIOSH fatigue test battery to
alterations in aleriness associated with working a2
rotating shift schedule. However, the tests included
in this study did not eppear to be egually sensitive to
the effects of either the workday or sessions within
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Figure 7. Means and standard deviations for positive and negative mood ratings for each

session of the day across the work week, for ATCSs working the 2 shift schedules.
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sssnzioted f“w"@ lcss ond ;gst tmes between LD om
gt o gorly morming bowrs elensly resulied in slower
sagponus Cemes ond fmester erTess. w.dc::gas iy aver-
age valuss for £7CSs on e mid-s5if wers the only
cecasions where response thmer declined end erors
'M‘ease@ %@m stzzt to compistion of the workday on
sach ofdhe 3 tzste. The exnisny 2o which these changes
can be ciriputed fo the slesp foss sssointed wirh Gl
particuler quick-rolating schedule, or tothe efecis of
ike circadise chylhm on perfonrancs, canect bs de-
termined Tom this study.

The odizingd alicrations in the ftigvwe s battery
performance mezsures reflect both the ettentions] de-
mangds of the specific tasks and the overall sensitivity

§ the componert measuies to fatigee, Dut were Aot
necsssarily refiecied in changes in operations] {ob)
performence. Operational tasks often mvolve meuch
grester opporiunily for analysis and response o eriti-
sal situations than the tesks presented under these ex-
perimentz! conditions. However, the outcomes do
refiect some gepers! decrements in readiness of the
human cperator to respond that are associsted with
cireadian rhythms and sleep loss resulting from a ro-
tating ohift schedule.

Sleep and Mood

The consistent decline in total sieep time from start
to cosnplistion of the work week reported by the ATCSs
who participated in this study appears 0 be closely
related to the geaeral petern of changes in perfor-
mance noted on the choice reaction time and digit
sddition components of the test battery. The effects
were also readily observabie in the seif-reported posi-
tive and negstive mood ratings and ratings of feeling
“refreshed”™ following sieep. Shoriened sleep times
during the {irst 4 days were nearly identical for ATCSs
on both the 8-k and 10-h shift schedules. From a high
of approximately 8.3 hours on thic evening piior to
the first Cay of the work week, ATCSs reported pro-
gressively fewer hours of sleep each day to approxi-
mately 5.75 hours prior to day 4. For ATCSs on the
8-h schedule, the combination of the short furn-
around and the need to sleep during the daylight
hours, resulted in the shortest sleep time prier to
the mid-shift on the final day of the work week (ap-
proximately 3.75 hours).
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Phelton, et el (1670 commented O e shoer dlsey

e oz ﬁ?""gs rioe o e midesliR may e atis-
uied, & pert o the tendenay Tor eome AT S to ke

@aaEy @ @mf zep prior to e mid-chill oo Gt ey will
oz o sicep better dusing $e morning folfowing
mwem:@ of e § oo maid-chift. These fndings are a.usf::
consizzat with oucomes from o rosent aseesement of
comtrotier slesp time on the 2-2-1 schedulp at the M-
gznf em route cezter {Cruz and Della Reosso, 1895),
winere ATCSs averoged 2.4 hours of sleep priorto the
miteghi® In contrrst, controliers 2t the Mizmi Tnter-
natonst Fiight Servics Siation reporied slightly longer
sheep perieds (5.43- i) prior @ the mid-shift (Melton,
19853}, These ouicomes sugges! thet individuals de-
velop different siwategiss relstive (o the amount of
skeep they obtain prior to the mid-shif,

Rapidly Roteting Skif? Schedules

ﬁ%gme soTae ef the obvicus %vam&ges of rapidly-

consigerable variation in the acmai wo?k?m ‘hours and
nstwre of the proposed repidly rotating schedules. De-
spite these facts, Willkineon (1992), & a brief review of
the outcomes from varions types of shift schedules, con.
cwmmmmm mma&ésﬁmﬁ

thm mWMmﬁemﬁim@essof
employecs to remain on 2 “pight” schedule even dwring
their days off. In reply, Folkerd (1992), argued that
Wilkinson overestimated the problems associated with
rapidly-rotating shift systems and that cther aspects of
shift systems should be teken into account when deter-
miaing the best shift schedule. In 2 series of studies,
Metion and his colleagues reported that while ATCSs
on  2-2-1 schedule obtain slightly less steep across the
work week than their colieagues on either a 5-€ay rotat-
ing or S-day fixed-schedule, they did ot differ signifi-
cantly on most of the physiological and bischemical
indices of stress (Meiton, et al. I971; 1973; 1975; and
Meiton, 1985), or the measwzes of mood and anxiety
(Melton, et al. 1971; 1973; 1975). Malton (1935), bow-
ever, reporied that a group of ATCSs employed e the
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temyy reporied then s prefeence is besed primacily
sa e longer membey of hours off befween wark
wagls, and thet Srey sre required to work only a single
sid-shi®. Ancther socis! Setor sssocioted with te
2.2-1 shif schedule is st & relgtively normal amornt
of sleep and o relztively normal fomily schedule can
be maintained during much of the work week. Ability
to mainkin 2 near normel pattem of sieep time isanly
sericusly ¢isrupted just prior 1o starting the mig.shif,
Addidtonelly, the Gming of fie change in shifis issuch
that the stefl of ATCSs wize hendle the typical mor-
ing push of gir wuffic comes fom the ATCSs who
have fust stacted thelr workday, cather than thoge whe
ere completing the mid-chift,

While there is considerable variation in shift sched-
ule prefersnce among ATCSs, the 2-2-1 schedule has
continued to be viewed positvely by much of the ATC
woskforce, This is evidenced, in past, by its contin-
ued existence at most ATC facilities for more then 2
decades, as employees, union representatives, and
mansgement have conferred regarding the selection
of a proferred shift schedule. Anecdotal comments
from controlicrs and facility managers, however, sug-
gest that the percentage of younger coniroilers pre-
ferring the 2-2-1 schedule is greater than that of older
controllers. However, as part of an older survey of
ATCS job attitudes, Smith (1973} determined that
while there was a trend for the preference of the 2-2-
i schedule to diminish with age, it was stili the most
preferred schedule for oider controllers. Asthe ATC
workforce ages over the next decade, contipued re-
search will be needed to determine the extent to which
older controllers may experience difficulties in cop-
ing with the 2-2-1 schedule, and to assess the effec-
tiveness of alternative schedules and fatigue
countermeasures that would seduce the negative con-
sequences of working 2 rotating shift schedule, Dur-.
ing the 2 decedes of using the 2-2-1 g'sif schedule at
ATC facilities across the U.S., controllers have pro-
vided anecdotal comments conceming difficulties as-
sociated with working 2 rotating shifi schedule.
However, there is litile documented evidence of any
significant negative impact on work performance,
safety, or overall weli-being.
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